The aim of the study was to evaluate factors related to hypertensive phase (HP) after glaucoma drainage device (GDD) implantation. Patients and methods: Retrospective charts review of glaucoma patients who underwent GDD implantation and completed 12 months of follow-up at King Chulalongkorn Memorial Hospital since 2004 was performed. Patients were divided into two groups according to the presence or absence of HP. The data were analyzed for factors associated with HP. The surgical outcomes including surgical failure, post-operative visual acuity (VA), post-operative number of medications, post-operative intraocular pressure (IOP), and post-operative complication were compared between the two groups. Results: Seventy-two patients were included. Most were diagnosed with secondary glaucoma (N=51, 70.8%), and Baerveldt was the most implanted GDD (N=49, 68.1%). Mean ± SD of IOP was significantly lower: 27.1±9.6 mmHg at pre-operation and 13.7±59 mmHg at 12-month follow-up (p0.001). HP was identified in 38/72 patients (52.8%, 95% CI 40.7-64.7). Risk factor of HP was pre-operative VA equal or better than 20/70 (p=0.021, OR 7.5; 95% CI 1.4-41.4). Presence of underlying heart disease (patients in this group had taken anti-platelets) was found as a protective factor for HP (p=0.027, OR 0.06; 95% CI 0.00-0.72). It was speculated that the antiinflammatory effect of the anti-platelets, particularly aspirin, may be responsible for controlling inflammation and retarding fibrosis formation around drainage implants. Failure rate at 12 months was 24/72 (33%). There was no difference in all surgical outcomes between the two groups. Survival analysis also showed no significant difference between HP and non-HP group. Conclusion: HP commonly occurred after GDD implantation. Pre-operative VA was a risk factor for the development of HP, whereas presence of underlying heart disease was a protective factor. No association between HP and surgical outcomes was identified.
Introduction
Glaucoma, defined by chronic progressive optic neuropathy, is the second leading cause of avoidable blindness worldwide. Intraocular pressure (IOP) is proved to be the main risk factor responsible for changes in optic nerve structure and visual function in glaucoma. Therefore, the primary goal of treatment is to lower IOP. Surgical procedures are required in glaucoma when IOP can not be controlled by topical medications alone.
Glaucoma drainage device (GDD) implantation, one of the surgical interventions, is performed in complicated glaucoma, wherein conventional filtering surgery has failed or likely to fail, such as neovascular glaucoma and uveitic glaucoma. After GDD implantation, post-operative IOP usually undergoes through three phases: hypotensive
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Pitukcheewanont et al phase that might occur immediately in the first week after surgery and hypertensive phase (HP), known as a period of large IOP rise after glaucoma drainage implantation, usually tends to be noticed within 3 months after surgery, then IOP gradually decreases and becomes stable in steady phase thereafter. During HP, dense fibrous tissue over the plate and intense bleb wall congestion are histologically observed. 1, 2 Since most patients who receive drainage device implantations have advanced glaucoma, such a phase could further damage the optic nerve, requiring more treatments and probably leads to implant failure. 3 The incidence of HP after GDD implantation from previous reports varies among studies and types of device implanted. Higher incidence of hypertensive phase has been reported in Ahmed device (40%-80%) than was the Baerveldt (20-30) or Molteno (20%-30%).
2,4 A retrospective study of 85 patients with Ahmed implantation showed that HP usually peaked in the first month after surgery. 2 Ayyala et al's study revealed that the rate of HP was 83.5% in Ahmed group and 43.5% in double-plate Molteno group. 5 Different incidence was reported by Nouri-Mahdavi and Caprioli, and occurred in 56% of people in Ahmed group. 6 Although HP is widely mentioned in Ahmed device, there are few reports of HP in Baerveldt. The Ahmed versus Baerveldt Study study compared the outcomes of Ahmed-FP7 valve and Baerveldt-350 implantation in 238 refractory glaucoma patients. Both study groups revealed noticeable rising of mean post-operative IOP during 2 weeks to 3 months; this might imply their HP albeit the study itself did not mention the term. In the same study, failure rates of 51% and 34% were noted in Ahmed group and Baerveldt group, respectively. High IOP was identified as the most common cause of failure, thus emphasizing the importance of this condition. 7 Despite high incidence of HP, there are few reports of the responsible factors. 8, 9 Furthermore, only little data about effects of such events are published. This study aimed to reveal factors related to HP and mid-term (12 months) HP-related outcomes by reviewing data of glaucoma patients who received GDD implantations at King Chulalongkorn Memorial hospital.
Patients and methods
This retrospective observational study was approved by the Institutional Review Board (IRB) of the Faculty of Medicine, Chulalongkorn University, IRB number 097/58. According to our IRB regulations, written consent from each individual subject for the retrospective study performed only chart review was not compulsorily required. In terms of using patients' data, the letter to the director of the hospital for permission to use the data was officially accepted.
Confidentiality had to be maintained for all reviewed data. After the approval, the study was performed in accordance with the ethical standards of the Declaration of Helsinki.
Retrospective charts of glaucoma patients aged 20 years and older who underwent GDD implantation between January 2004 and January 2015 and completed the follow-up period of 12 months at King Chulalongkorn Memorial Hospital were reviewed. The patients who had tube obstruction, retraction or valve malfunction were excluded. All GDD implantations were done by glaucoma specialists, and post-operative medications such as anti-glaucoma medications were adjusted according to the patient's glaucoma status.
surgical procedures
After patients were informed regarding the details of the surgery rationale and informed consent to surgery was obtained, patients were scheduled to have GDD implantation under local or general anesthesia depending on their condition.
Patients were given local anesthesia in supine position, and sterile draping was used in the usual sterile manner. Topical 0.5% tetracaine was used before performing radial conjunctival peritomy followed by the incision made along the limbus. Conjunctiva was extensively undermined to expose intermuscular space; 3-5 mL of 2% Lidocaine without adrenaline was injected along the curve of the eyeball in to the deep sub-Tenon area using a blunt tip cannula attached to a 5 mL syringe. Intermuscular space at the superotemporal or superonasal quadrant was well prepared for the insertion of the GDD plate.
Either valve or non-valve GDD, tube patency and platevalve were checked with the injection of balanced salt solution before introducing the plate to the prepared area. Ahmed implant was placed underneath the reflected conjunctiva at the prepared quadrant. In cases implanted with Baerveldt, two recti muscles were identified with muscle hook before wings of the plate were inserted into the scleral space under the muscles; the center of the plate was then properly positioned. Double-plate Molteno placement followed the same procedure as followed for Baerveldt. The first plate was placed at the superotemporal or superonasal quadrant and the second plate was placed in the fellow quadrant. Each implant was fixed to the underlying sclera using 6-0 or 8-0 nylon.
In cases with non-valve GDD, the tube was tightly ligated with 6-0 vicryl and tested for its total occlusion before length adjustment and insertion.
Tube length was adjusted before insertion into the anterior chamber through the fistula made by a 23G needle at 1-2 mm behind the limbus. Tube tip was in bevel-up fashion. Then, the tube was fixed to the sclera using 8-0 vicryl. Corneo-scleral patch was trimmed into the desired width and proper thickness 
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Factors associated with hypertensive phase after glaucoma drainage implant for tube coverage in order to prevent late tube erosions. The patch was fixed to the sclera using 8-0 vicryl. One-to-two slit cuts were done on the side of the tube anteriorly to the ligature site before tube entering anterior chamber. The cuts acted as a vent for aqueous to drain which helped lowering IOP during the early post-operative days despite tight ligature persisted and occluded draining through tube onto the implant plate.
The anterior chamber was filled with balanced salt solution through the side port. This was done to recheck the aqueous flow through tube patency in Ahmed-implanted eyes as well as to check the ligated tube for its aqueous flow occlusion in Baerveldt-or Molteno-implanted eyes. Moreover, any possible leaking sites at the entry of the tube were completely checked.
Conjunctiva was then re-approximated, covering the whole plate, tube and the entire corneo-scleral patch, by 8-0 vicryl. Topical antibiotics were used for the eye at the end of surgery.
Post-operative anti-glaucoma medication was ceased immediately in Ahmed cases, whereas it was still considered in cases with Baerveldt and Molteno in the first few weeks before suture ligature lysed.
Topical steroid and antibiotics were started immediately after surgery. Steroid was employed every 2 hours in the first few weeks and then tapered off until intraocular inflammation subsided, whereas cessation of topical antibiotics was usually done after 1 week post-operation. Systemic steroid and NSAID were not part of the regular regimen unless indicated by the surgeons. 
Outcome measurements and definitions
Baseline characteristics were documented for each patient: age at the time of surgery, sex, underlying disease, eye laterality, glaucoma diagnosis, status of the lens, previous glaucoma surgery, type of GDD, pre-operative visual acuity (VA), pre-operative number of medications and pre-operative IOP. Post-operative VA, IOP, number of medications and complications at 1 day, 2 weeks, 1 month, 2 months, 3 months, 4 months, 6 months, 9 months and 1 year after the surgery were recorded. The subjects were divided into two groups according to the presence (HP) or absence of HP (non-HP). The primary outcome was factors related to HP. The secondary outcomes were rate of HP, relationship of HP and post-operative complications, and surgical failure. One eye of all patients was selected; if both eyes were eligible, computer-generated simple randomization was used.
HP was defined as IOP 21 mmHg during the first 3 months after surgery with or without medications or IOP 21 mmHg after reaching 2 consecutive weeks of functional post-operative period, in which IOP was noticeably lower than 22 mmHg. All elevated IOP must not be caused by tube obstruction, retraction or valve malfunction.
Treatment failure was defined as 1) IOP 21 mmHg or IOP reduction #20% from baseline for 2 consecutive weeks despite maximally tolerated medications, 2) patients needed further significant surgical intervention at any time point, 3) VA become no light perception.
Any complication that occurred within 3 months after surgery was defined as early complication and complication that occurred after that time was defined as late complication. 
Results
Retrospective charts review revealed the drainage device code of 113 eyes. Due to some mismatched code registration, some charts were dismissed. The eligible charts of 89 eyes (82 patients) were used for reviewing. Eleven eyes (10 patients) did not fulfill the criteria: nine eyes had an incomplete follow-up period, one eye underwent keratoprosthesis implantation during follow up and one eye had tube obstruction. A total of 72 eyes (72 patients) out of 89 eyes (80.9%) met the inclusion criteria.
The mean (SD) age was 54.8 (17.7) years. Most patients were diagnosed with secondary glaucoma (70.8%) and had at least one prior glaucoma filtering surgery (68.06%). Mean (SD) vertical cup-disc ratio (CD) in 54 patients was 0.74 (0.23). The missing data were due to corneal edema and media opacity. Most patients had pre-operative VA worse than 20/200 (68.05%). In this study, 18 Ahmed patients (25%) had valve GDD; five Molteno (double-plate) patients (6.9%) and 49 Baerveldt patients (68.06%) had non-valve GDD. Baseline characteristics are summarized in Table 1 By univariate analysis, underlying heart disease was found to be significantly associated with the presence of HP (p=0.040). Ischemic coronary conditions were found in five out of eight patients, arrhythmia in two patients and valvular heart disease in one patient. The heart disease patients had been using either dual anti-platelet or aspirin dosage of more than 81 mg. No statistical significance was found in terms of sex, pre-operative IOP, eye laterality, glaucoma diagnosis, previous glaucoma surgery or pre-operative number of medications by univariate analysis. (p=0.530, 0.530, 0.803, 0.477, 0.731 and 0.788, respectively). Multivariate analysis was performed for which age, underlying dyslipidemia, heart disease, pre-operative VA, lens status and type of GDD were adjusted. The result showed that underlying heart disease was a significant protective factor (p=0.027, OR 0.06; 95% CI 0.00-0.72), and pre-operative VA equal or better than 20/70 was a significant risk factor (p=0.021, OR 7.5; 95% CI 1.4-41.4) ( Table 2) .
The overall mean of IOP was significantly lower: 27.1±9.56 mmHg at pre-operation and 13.67±5.91 mmHg at 12-month follow-up (p0.001). There was a significant reduction in the number of medications used from baseline 
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Factors associated with hypertensive phase after glaucoma drainage implant median (IQR) 4 (2-6) to 1 (0-4) at 12 months post-operation (p0.001); however, no significant improvement in VA after surgery was found in this study (p=0.343) ( Table 3) . After GDD implantation, significant difference of mean IOP between HP group and non-HP group was observed only at 2 weeks to 2 months (Figure 3 ). During the high IOP period, anti-glaucoma medication was adjusted according to the patient's glaucoma status and we found that anti-glaucoma medications were significantly higher in HP group than in non-HP group from 1 month to 4 months after surgery, but no significant difference was observed for IOP and number of medications between the two groups at 1 year post-operation (p=0.823 and 0.138, respectively) ( Table 4) . Of all subjects (72 eyes), 26 eyes (36.11%), 11 eyes in HP group (38 eyes) and 15 eyes in non-HP group (34 eyes), did not need antiglaucoma medication at 1 year post-operation.
Early complications were observed in 28 cases (38.9%) and late complications were observed in 10 cases (13.9%). The most common early complication was hypotony (N=14, 19.44%), whereas persistent corneal edema (N=4, 5.55%) was the most common late complication. In total, 13/28 eyes had more than one complication. Two cases of Baerveldt implantation required removal, both of which were from non-HP group. One was removed at 3 months after surgery due to GDD exposure. The other one had overdrainage, resulting in hypotony maculopathy, wherein GDD was finally removed at 1 month after failed multiple interventions. Failure rate at 12 months was 24/72 (33%). VA became no light perception in two out of 24 cases (one from HP and one from non-HP group). Both of them had extremely low pre-operative VA (hand motion) prior to Baerveldt implantation. There was no difference in all surgical outcomes between the two groups in terms of failure, 
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Discussion
After GDD implantation, hypotensive phase was observed in the first 7-10 days. IOP gradually increased afterward when the bleb became well circumscribed and intensely congested. The bleb congestion and inflammation decreased over the ensuing months and then the capsule became less dense and IOP subsequently stabilized. 3, 6, 10 HP has been reported in both valve and non-valve GDD implantation. Ayyala et al reported that HP was more frequently seen after Ahmed implantation (incidence 40%-80%) than non-valve GDD like Baerveldt (20%-30%) or double-plate Molteno implantation (20%-30%).
2,4 It was speculated that this incidence may be related to early contact of glaucomatous aqueous with the surrounding conjunctiva and Tenon's capsule over the device plate. 6, 10, 11 The mediators in glaucomatous aqueous such as prostaglandins, various eicosanoids and transforming growth factor β can induce inflammatory reaction and result in severe inflammation, fibrosis and poor bleb function. 10, 12 However, the exact pathogenesis is still not clearly understood. 3 This study revealed the incidence of HP in 38/72 patients (52.8%, 95% CI 40.7-64.7): Ahmed 50%, Baerveldt 55.1% and Molteno 40%. The rate of HP in Ahmed was the same as shown in the report by Nouri-Mahdavi and Caprioli, but different from that of Ayyala et al's study, perhaps due to different criteria. 4, 6 Figure 3 Comparison of iOP after gDD implantation between hP and non-hP groups. Abbreviations: iOP, intraocular pressure; gDD, glaucoma drainage device; hP, hypertensive phase. 
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Another factor associated with the development of HP was pre-operative VA equal to or better than 20/70, identified as a risk. It was speculated that these eyes might have had earlier GDD intervention because of the aggressiveness of their uncontrolled IOP condition rather than severity of optic nerve head status, which might be represented by worse central VA. The unmanageable IOP control conditions may in turn reflect their stronger inflammatory mediators and tissue responses to the intervention where leading to higher chance of HP. This speculation needs to be proven. In addition, neither type of GDD nor pre-operative IOP was found to be associated with the development of HP. High myopia and higher pre-operative IOP were reported to be the risk factors of HP after Ahmed implantation in previous studies. 8, 9 However, our results were different from those reported; this could be due to the presence of different factors and the fact that our studied GDD was not restricted to Ahmed.
The complications after GDD implantation were comparable between HP and non-HP groups. Most of the complications were spontaneously resolved without further intervention, except ones with exposed plate and exposed tube, which required subsequent GDD removal. The latter was inevitably considered as surgical failure. The improvement of post-operative VA was reported as 87.4% after Baerveldt implantation by Siegner et al. 16 However, there was no significant improvement in this study, which was also not found in studies of Ayyala et al. 2, 4 In addition, there was no difference in all surgical outcomes between the two groups. Survival analysis also showed no significant difference between HP and non-HP groups. This study could not identify the factors associated with the failure rate of the GDD implantation.
The main limitations of this study included its retrospective design and small sample size. There was also a limitation in terms of applying the definition of HP, which varies among studies; most studies defined HP as IOP more than 21 mmHg during the first 3 months after surgery with or without medications. This criterion suited HP evaluation in valve GDD. With the tube ligation technique in non-valve GDD implantation, despite that venting slits were performed and able to lower IOP particularly in the first week post-operation, the IOP usually did not decrease considerably compared to immediate post-operative IOP in valve GDD. Later, the IOP became relatively high and was sustained until the ligating material degraded, which usually occurred 4-8 weeks after surgery. Considering this pattern of IOP change, we decided In cases with a hypertensive period, IOP markedly declined in the first 2 weeks after surgery, then increased to above 21 mmHg (peak was commonly noted at 1 month) and then gradually dropped to a steady phase. During the hypertensive phase, IOP could be as high as 50 mmHg, which can significantly affect the vulnerable retinal nerve fiber layers. Therefore, need of careful early post-operative follow-up for patients at risk after drainage device implantation is recommended, for necessary rescue.
Both HP and non-HP groups had significant reduction in IOP and number of medications from baseline, with no significant difference between both groups at 12-month follow-up. The main treatment of HP was controlled by medication, which could be tailed off thereafter in most patients. At the 12-month follow-up period, 11/38 patients of HP group did not need the anti-glaucoma medication to control IOP.
With regard to factors related to HP in this study, it was interesting that the presence of underlying heart disease was found as a protective factor. Patients with heart disease had long-term usage of aspirin dosage of more than 81 mg or dual anti-platelet treatment (aspirin combined with other anti-platelet drug) before and after GDD implantation; the possibility of this connection may be from the effect of the anti-inflammatory action of aspirin that helped control inflammation and promote implant function. 13, 14 The previous report of Molteno et al had evaluated the anti-inflammatory agents and reported aspirin as a moderately active agent that could lower IOP by 5-10 mmHg, and proposed the effectiveness of a triple anti-inflammatory drug regimen, consisting of oral prednisolone, flufenamic acid and topical l-adrenaline, in controlling bleb inflammation and fibrosis around drainage implants and promoting implant function. 15 However, due to the small group of patients with heart disease and limitation of the retrospective study, further evaluation of the effect 
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Pitukcheewanont et al to add another criterion, which was IOP 21 mmHg after 2 consecutive weeks of the functional post-operative period, marked as noticeably lower IOP than 22 mmHg, to avoid the overestimation of the rate of HP in this study.
Conclusion
GDD was an effective surgical procedure to control the IOP and reduce the use of medications in intractable glaucoma. HP commonly occurred after GDD implantation with a similar rate in both valve and non-valve GDD. Pre-operative VA was a risk factor for the development of HP, whereas presence of underlying heart disease was a protective one. Device type did not influence HP incidence. No association between HP and surgical outcomes was identified.
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